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First we shall briefly outline a theory which will reconcile
observed facts as to the structure of nervous systems and the
reactions of such systems. We will then take up the descrip-
tion of a practical mechanical contrivance which will represent
the essential elements of a nervous system and which will react
in the same way. We will then compare the results obtained
with the machine with those given by live nervous connections.
In this discussion we shall confine our field to the interactions
of the nerves. What happens in sensory endings like those of
smell and taste does not concern us. The reader should also
avoid thinking of what he knows of his own sensations and
have in mind only what he can observe in the nervous systems
of other creatures.

A nervous system may be taken as controlling several pairs
of opposing muscles through a system of nervous channels
excited by a number of sensory terminals. A muscular move-
ment or response is caused by a combination of discharges from
several channels acting on a given muscle or muscles more than
on the muscle or muscles directly opposed to it or them. The
said combination of discharges may be excited at one or several
sensory points.

As a result of individual experience changes take place in the
nervous channels. With the same sensations ' as before we
observe that the responses have changed and vice versa we
observe the same responses when the sensations have changed.
The most natural explanation for this is that some of the chan-
nels have grown more than others, that is, that they have be-
come more open to the flux.

The problem that is before us is to account for the growth
1 Throughout this article the term sensation is used to represent the excitement

of a sensory terminal of a nervous channel. Of course this departure from the
usual subjective meaning of the word is made for the sake of brevity.
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of certain channels more than others. Take the familiar but
perplexing case of inhibition of muscular action shown here by-
diagram. (Figure ooi.) Let Si and S2 be sensations. Mi
represents a forward movement, M2 a backward movement.
Si, MI and S2, M2 are channels of good conductivity. The
cross channel Si, x, M2 is of low .conductivity so that before
experience is gotten, sensation Si gives response Mi a forward
movement. After experience is had we observe the sensation
Si is followed by response M2, a backward movement. We
conclude that channel Si, x, M2 has as a result of experience
become of high conductivity, exceeding Si, Mi. How can we
explain this? How can experience have developed the weak
channel and not the strong one?

S2 SI

----Ml

M2
FIGURE 001

Now, as to the conductivity of nerves we find evidence to
support the following premises:

1. The effect at the motor end of a nervous channel is not
always in proportion to the intensity of the impression at the
sensory end. We may state it thus: The susceptibility of a
nervous channel is greater at one time than at another or con-
versely we may state: The resistance of a channel to nervous
discharges is less at one time than at another. The same rule
will hold it is believed even though the nerves forming the
channel considered be perfectly normal as to nourishment; that
is to say that normally nourished nerves are of variable sus-
ceptibility.

2. The first discharge through a channel after a period of
rest will increase the susceptibility. If the impression at the
sensory end is repeated at proper short intervals the suscepti-
bility will be steadily increased.2

2 Spencer, Herbert. Principles of Psychology. New York, 1894, pp. 577, 614.
Thorndike, E. L. Animal Intelligence. New York, 1911, p. 267.
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3. If the impressions are followed by a period of rest, the
longer the rest the greater will be the decrease found in the
susceptibility. That is to say the susceptibility of a channel
decreases with disuse.3

4. There is, however, a permanent increase in the suscepti-
bility of a nervous channel caused by repeated discharges.

5. If a given channel has several sensory endings Si, S2, S3
and one or more motor endings M, a discharge from Si to M
will increase the susceptibility to a discharge from S2 or S3
to M. Hence if Si and S2 are excited in succession there will
be a temporary increase in the susceptibility of the channel
and also a permanent growth.4

6. When several channels are open to a nervous discharge,
the discharge will be divided among the channels in proportion
to the susceptibility at the time.

In order to save space no attempt will here be made to prove
the reasonableness of the above premises. It is proper to say,
however, that in the main they are in accord with the state-
ments of writers of authority as will be found on consulting
well known works on the subject.5

It may help some thinkers to form a clear idea of the effect
of the time interval between discharges upon the susceptibility
of the channel if we present it in the shape of a formula.

Let
CT = Combined present capacity of all channels
Ci = Present capacity of the given channel
CP = Original capacity of the given channel plus

the permanent increase made by previous
discharges.

CL = Temporary additional capacity of the given
channel at the last discharge

t = Time since the last discharge through the
given channel

3 Thorndike, E. L Animal Intelligence New York, 1911, pp. 44, 249.
Meyer, Max. Fundamental Laws of Human Behavior Boston, 1911, p 86.

4 Meyer, Max Fundamental Laws of Human Behavior. Boston, 1911, p 129.
5 Special reference should here be made to the recently published book of Pro-

fessor Meyer, Fundamental Laws of Human Behavior, for the reason that his
argument is not altogether unlike that of this article. The writer will not presume
to pass judgment on the book further than to say that in spite of its illuminating
and most suggestive exposition it leaves room for further elucidation of the matter
in hand
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e = Unknown exponent
a & b = Unknown constants
Fi = Discharge through the given channel
FT = Discharge through all channels

Our present capacity is then from premises 2, 3 and 4
Ci==CP+CL+a—bte

and from premise 6 we have
Fi Ci

FT CT
Having now a conception of how the susceptibility of a

nervous channel will increase with each discharge and decrease
with disuse, let us take up the problem of inhibition again.
We will now modify our diagram so as to give this (Figure 002):

M2
FIGURE 002

As before, Si, Mi and S2, M2 are channels of good conduc-
tivity. The median channel Si, S2, x, M2 is one originally of
low conductivit}r. Now let the environment be such that the
movement Mi habitually produces the sensation S2.

From our premises we see that at each experience the sus-
ceptibility of channel Si, S2, x, M2 is increased because its
first discharge is followed quickly by a second. It is evident
that the median channel will, after repeated experiences, become
of high conductivity so that eventually the sensation Si will be
followed either by movement M2 or at least by a prevention of
Mi which is inhibition, as the movements are opposed.

We now see how- experience can develop the weak channel
faster than the strong one. This case may be considered as
one of converging nervous channels.

To illustrate the case: the sight of the fire excites a forward
movement,. Mi. The sharp pain of the burn excites a back-
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ward movement. M2. After repeated experiences the sight of
the fire no longer excites a forward movement.

Let us now pass to the problem of association of ideas. The
diagram given here will illustrate it (Figure 003). Ma and
Mb represent movements not opposed to each other.

As before, the channels Sa, Ma and Sb, Mb are of high con-
ductivity while the median channel Sa, Sb, x, y, Ma, Mb is
originally of low conductivity so that before experience the
sensation Sa is followed only by the movement Ma and the
sensation Sb is followed only by the movement Mb. Now let
the environment be such that the sensation Sa is always suc-
ceeded quickly by Sb or vice versa. The discharge .through
the median channel Sa, Sb, x, y, Ma, Mb will be greater at
each experience from our premises as in inhibition so that after
a number of experiences the sensation Sa (or Sb) will result in

Sb Sa

- 7 M a

Mb
FIGURE 003

both movements Ma and Mb Again the weak channel has
grown faster and overtaken the strong ones. Eventually the
originally weak channel will have dwarfed the others and for
either sensation the discharge will be practically equal at Ma
and Mb.

This case we may call one of diverging nervous channels.
In it may be found the physiological accompaniment of the
association of ideas.

As an illustration: the crack of the whip (Sa) makes the
young horse prick up his ears (Ma), the sting of a blow makes
him jump forward (Mb). If the blow often follows the sound,
the jump will after a while be excited by cracking the whip.
The ideas of the sound and the pain have become associated
as the psychologist would say.

Looking at the problem from a quite different point of view
for a moment, we may picture our nervous channels as chains
or groups of neurons, each neuron being an individual organism.
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A group of neurons may be likened to a colony of animals
having points of contact with each other. Each neuron will
resemble a wriggling animal with arms like an octopus. If
any one animal is disturbed and made to wriggle, its move-
ments are communicated to the adjoining animals which are
disturbed and wriggle in turn. When the external disturbance
ceases the animals gradually come to rest, then as gradually
sink into sleep. The more often a given animal is irritated the
more irritable he becomes. Disturbances will be conveyed
through a colony on certain lines determined by experience.
In a similar manner are disturbances transmitted through a
nervous system.

Having given the above brief outline of a theory for the
working of nervous discharges, a few words as to its significance
may not be amiss. Present day explanations of the working
of nervous discharges are so inadequate that they are helpful
to few. They leave large gaps to be filled by the imagination.

A clear understanding of the working of the nervous system
that would reach the great body of world students and be as
lucid as the modern demonstration of the circulation of the
blood would be a great acquisition to the cause of general
education.

That such a clear understanding will some day be reached
is most probable. It must be approached step by step. The
step aimed-at here is the first that naturally presents itself, for
we find that a simple nervous discharge following a wTell defined
channel as in simple reflex action, presents no difficulty to the
scientific mind. The first step is then to explain such opera-
tions as learning, inhibition and habit forming. If we can
make these clear to interested minds a barrier will be passed.
That there will be other barriers to cross before animal intelli-
gence is fully understood goes without saying.

The significance and importance of a proper solution of the
problem can not be better stated than in the words of that
high authority, Dr. Loeb,6 viz.:

"The unravelling of the mechanism of associative memory is
the great discovery to be made in the field of brain physiology
and psychology."

e Loeb, J. Comparative Physiology of the Brain and Comparative Psychology.
New York and London, 1900, p. 14.
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The working of nervous systems has been viewed b)r science
mainly in two aspects. First, the physiologists have studied
their structure, growth and functions by dissection and experi-
ment. Secondly, experimenters in the laws of animal behavior
have gathered data of value from scientific observation. Under
the same head might be put facts generally known about the
training of animals and the teaching of young children. Our
knowledge of the effect of time and of repetition in modifying
nervous action is derived mainly from the sources under the
second head.

It is thought that the engineering profession has not con-
tributed greatly to the study of nervous systems, at least since
Herbert Spencer, an engineer, wrote his book on psychology.
As the co-operation of workers in different fields of knowledge
is necessary in these days of specialists it may be argued that
engineers can consistently join in the consideration of a subject
of such importance to man As a member of the engineering
profession then, the writer is not without excuse for advancing
ideas on the working of nervous systems for the consideration
of physiologists and others who have knowledge of the matter.

In discussing the subject of this article diagrams are neces-
sary and demand no apology. To many minds the explanation
here given of the modification through sensory experience of
nervous channels may be clear enough and even sufficiently
convincing. It is thought, however, that the hypotheses ad-
vanced could be made more convincing to others if the y were
embodied in a practical mechanical device such as could be
built and operated. This device would simulate the working
of nervous discharges by purehy mechanical means. With it,
one could demonstrate the modification of action or behavior
by experience.

OPERATION

Figures i, 2, and 3 show the construction to be used with
compressed air or hydraulic pressure In this description it
will be assumed that hydraulic pressure is used.

In figure 1 the slide valve 6 is shown at the extreme end of
its inward stroke as in receiving a signal. This valve, known
as the spur valve, when in this position, opens ports 4 and 5
on the pressure side. The spur valve spring 7 is now com-
pressed. The pawl 8 which is attached to the spur valve, is
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V25

FIGUKB 1. Transmitter. Longitudinal section on line B B of Figure 2

1 Transmitter ease
2 Pressure pipe
3, 4 and 5, Pressure

ports
6 Spur valve
7 Spur valve spring
8 Pawl
9 Pawl spring

10 Ratchet
11 Ratchet valve
12 Lag valve
13, 14 Issue ports
15 Meter pipe
16 Rocking finger
17 Finger shaft
18 Finger lever
19 Washer
20 Lever spring
21 Guide pin

REFERENCE NUMBERS

FIGURES 1-4

22 Spring lug
23 Connecting rod
24 Plunger (dash pot)
25 Dash pot barrel
26 Adjusting cock
27 Check valve (dash pot:
28 Bracket (dash pot)
29 Main pressure pipe
30, 31 Collecting pipes
32, 33 Meter cones
34, 35 Meter discs
36, 37 Guides
38 Meter stem
39 Meter link
40 Rocking lever
41 Connecting rod
42 Slide valve rod
43 Balanced slide valve
44 Valve chamber

45 Cylinder
46 Piston
47 Piston rod
48 Cylinder barrel
49 Exhaust port
Ml and M2 Admission

ports
50 and 52 Exhaust pas-

sage
51 Pressure pipe
53 Exhaust outlet
Sin, S3n, S5n, S2n, etc.

Transmitters
115, 116 Key Rods (SI

and S2)
117, 118, 119 Spur rods
120, 121 Bell cranks
122 Suspender links
123 Coupling gang frame
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held down on ratchet 10 by the pawl spring 9 so as to engage
it. Valve 6 slides over the lag valve 12 and the ratchet valve 11.

The ratchet valve 11 is shown in the figure in its original
position or right hand end of its stroke. When valve 6 is per-
mitted to make its return or outward stroke the valve 11 moves
also, pushed by the pawl 8. If valve 6 has a stroke of one and
one-half inches, valve 11 will move with it about one-fourth
inch. The lag valve 12 will also move the same R

distance pushed by valve 11. When one-fourth
inch of the return stroke has been made, pawl (
8 is tripped by the striking of the lug on top
of the pawl against a shoulder in casing 1.
When the ratchet valve is thus released, it
moves to the right, driven by lever spring 20
acting through finger lever 18, finger shaft 17
and rocking finger 16. When ratchet valve 11
moves to left it acts through the said finger
lever, etc., together with connecting rod 23 so
as to draw" out dash pot plunger 24 and thus
suck air (or water) through check valve 27.
When, on the other hand the ratchet valve
moves to the right, the dash pot plunger is
driven back by the action of lever spring 20.
The air now contained in dash pot 25 is pre-
vented from escaping by check valve 27 and
can only pass out through adjusting cock 26.
In this way the return stroke of ratchet valve
is retarded and is very slow. When ratchet
valve moves to right on its return stroke it
leaves the lag valve 12 behind.

If the time interval before a second stroke
of spur valve 6 is long enough, ratchet valve
11 will have reached its original position and its
second stroke will be the same as the first and
lag valve 12 will not be moved. If on the other hand, the time
interval is short so that the second stroke of the spur valve
comes before the ratchet valve has arrived at its original posi-
tion, the ratchet will cause the ratchet valve to advance further
to the left than before and hence the lag valve will be advanced
further to the left.

B
FIGURE 2. Trans-

mitter. T r a n s -
verse bection on
line A A of Fig-
ure 1.
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Now, the further valve n moves to the left the greater will
be the effective opening for water from pressure port 5 to issue
port 13. Hence the effective opening at any stroke will be in
inverse proportion to the time interval since the previous stroke.
In other words the passage way will gradually close between
strokes.

In the case of the lag valve 12, the further it moves to the
left the greater will be the effective opening for water from
pressure port 4 to issue port 14. As this valve always moves
to the left, it will be seen that the effective opening through
valve 12 is proportional to the maximum previous opening of
the ratchet valve.

The combined effective area of valves 11 and 12 gives the
effective area of the transmitter, and it will be seen that this
area is susceptible to increase two ways, viz., temporary in-
crease by valve 11 and permanent increase by valve 12. A
rapid succession of strokes of the spur valve will cause a decided
increase of opening through the transmitter and hence a decided
increase in the discharge through the same when open. The
hydraulic pressure in pressure pipe 2 is assumed to remain
constant.

It will be noted that when the spur valve is in its outward
position all ports are closed and there is no discharge through
the transmitter. When the spur valve is moved inward, how-
ever, it creates an opening the effective area of which depends
on the position at the time of the ratchet and lag valves.

In other words, the transmitter is a valve whose maximum
opening is variable and is determined by the frequency of operat-
ing. Between operations the maximum opening is automat-
ically and gradually reduced.

In figure 3 sei'eral transmitters. Sin. S^n, etc., are shown
connected so that their meter pipes 15 enter into a manifold
pipe 31. There are also several transmitters, San, S4n. etc..
similarly 'connected into a manifold pipe 30 In the figure the
transmitters are shown in a horizontal line for the sake of sim-
plicity. Of course, they will work just as well if arranged in
vertical columns with proper connections. Collecting pipes 30
and 31 discharge into opposite sides of exhaust passage 52
through meter cones 32 and ^^. The discharge from 31 through
33 impinges on meter disc 35 tending to move it to the right
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while the discharge through 32 tends similarly to move meter
disc 34 to the left. These discs are mounted on meter stem 38
which moves in guides 36 and 37. In figure 3 the meter stem
is shown in mid position as it would be if the discharges from
30 and 31 were equal. Should the stream from pipe 30 become
greater than the other the discs would take a position more
to the left.

The position of the meter discs determines the position of
slide valve 43 through the meter link 39, the rocking lever 40,
the connecting rod 41 and the slide valve rod 42. The slide
valve should be balanced so as to reduce friction. When it
moves to the right it opens admission port M2 to pressure from
pipe 51 through chamber 44 and it opens port Mi to exhaust
passage 50 through 44 thus causing the piston 46 to move to
the right. The slide valve ports, piston, etc., are of familiar
construction.

The combination of discs, cones, etc., forms the stream meter.
It will be seen that the stream meter controls the hydraulic
cylinder. But the stream meter is controlled in turn by the
transmitters that govern the tributary streams. If the sum of
the streams from transmitters S2n, S4n, S6n, and S8n, be greater
than the sum of the streams from transmitters Sin, S3n, Ssn,
and Syn, the piston rod 47 will move out. If it be less, the
piston rod will move in. Now, the stream from a single trans-
mitter is variable as has been shown, so that the stream from
S2n alone may be greater than the added streams from Sin
and S3n. From this it may be seen that if the transmitters
Sin, S3n, and S2n are opened simultaneously, the movement of
the piston rod may be either outward or inward according to
the frequency with which S2n has previously been operated.

By the system above described we see that we have a hydraulic
cylinder that is subject to the control of any one of its trans-
mitters and also to a variety of combinations of transmitters
working in concert, the result in each case depending largely
upon what might be called the "experience" of the transmitters
in the combination.

The system described is for use with hydraulic pressure or
compressed air. An equally practical system which will not
here be described is for use with electric control, i.e., with elec-
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trie transmitters and with electro magnets controlling the slide
valve of the hydraulic cylinder.

Figure 4 shows the construction of a coupling gang which is
an appliance for working groups of transmitters in combination.
In this particular coupling gang there are 5 transmitters operated
by two key rods. Each key rod opens 3 transmitters. "When a
key rod is moved downward the motion is communicated through
the connecting bell-cranks to the spur rods which move horizon-

FIGURE 4. Side view of a coupling gang for 5 transmitters.

tally. Spur rod 19 for transmitter S6n is moved by either key
rod by means of slotted holes for the bell-crank pins. Each
spur rod pushes against and works the spur valve of a trans-
mitter.

It is evident that a coupling gang on this order may be used
to control all the transmitters of a given stream meter. Or a
coupling gang may be used to co-ordinate the movements of
several hydraulic cylinders through their respective transmit-
ters and stream meters.
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To show how different forms of coupling gangs may be em-
ployed, diagrams of two arrangements are shown in figures
5 and 6 and tables are used for others. In figure 5 the left hand
diagram FL known as a stream diagram shows diagrammati-
cally the form of the hypothetical channels that connect the
sensory terminals SO, SD and SL at the top of the diagram
with the motor terminals MO, MD and ML at the right of the
diagram. The broken lines show the direct channels that pre-
vail at first. The solid lines show the channels that are devel-

SO SD SL

SO SD S L

7 ML"J
- - - > M D

L
MO

-0 -

0 - - ML

- E h

-{ZH

MD

-Eh

-a-1
0 - - MO

FL. FR.
FIGURE 5. Coupling diagram and stream diagram for a 3-way diverging gang of

i) transmitters.

oped by favorable experience. Figure 6 shows a similar stream
diagram referred to again later.

In figure 5 the right hand diagram FR, known as a coupling
diagram, shows how the key and spur rods are arranged and
connected so as to work the transmitters. The key rods are
represented by vertical lines and the spur rods are shown b)r
horizontal lines. The bell crank connections to be used are
indicated. A single transmitter connected to one key rod cor-
responds to a direct channel. Two transmitters connected to
the same two key rods correspond to a diverging channel. Each
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transmitter is indicated by a square with diagonal line. The
pipe lines connecting the transmitters into groups are indicated
by connecting lines on the right. Each group of connected
transmitters will act as one, on a certain stream meter con-
trolling a hydraulic cylinder. The meters and cylinders are
not shown.

In the case of figure 6 no coupling diagram is given but the
arrangement of the rods and connecting bell cranks is adequately
shown in tabular form in table III. Each key rod is represented
by a column and each spur rod by a row. B.C. at the intersection
indicates a bell crank connection, xi, X2 and X3 refer to cor-
responding connections in figure 6. The motor connections are
in the right hand column. Sn in the next column indicates a
transmitter. Other forms of coupling gangs are shown by means
of tables similar to table III. .No stream diagrams are shown
for some of these arrangements but one could readily be con-
structed from each table by aid of figures 002, 003, 5 and 6.
We will now take up briefly each form of coupling gang, begin-
ning with the simplest.

In table I is represented a converging gang which may be
used like that shown in figure 4 to illustrate the theory for in-

TABLE I (Fig 002)
CONVERGING GANG

s

B(

B (

Kev

2

' X

Rods

S 1

B.C

B.C.x

—

s
s
s

n

n

n

! Movement
j
1

| M l

j M2

TABLE II (Fig. 00.3)
DIVERGING GANG

Key

S b

—

B.C.

B.C.

BC,

Rods

S a

BC

B.C.

BC.

_

S n

S n

S n

S n

Movement

M a

••

Mb

it
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hibition as explained previously. Table II represents a diverg-
ing gang to illustrate the association of ideas as explained.

Figure 5 shows how three movements, MO, MD and ML,
may be so co-ordinated that one key rod can, after the required
experience, cause three cylinders to move together where orig-
inally only one of the cylinders was started by the said rod.

SL SR SS

•X3T I

- ^ MR

1 ^ ML

FIGURE 0. Stream diagram for a duplex converging gang.

Figure 6 and table III show a duplex converging gang. In
this arrangement the first key rod (or sensory terminal) SS is
known as the station key. MR and ML are opposite move-
ments. If SS and SL are habitually struck in succession except
when SS, SR and SL are struck in succession the device
will become "trained" so that when SS is struck the move-

TABLE III (Fig. 0)
DtirLEx CONVERGING GAXG

S L

—

B.C.x2

B.C.x3

B.C.

Key Rod.s

S R

B.C.xl

B.C.

B C.x2

—

B.C

B C

S

.xl

.x3

S

s
s

s

n

n

n

n

n

MR

"

M L

»



NERVOUS DISCHARGES 31

merit ML will result. On the other hand if SS and SR are
habitually struck in succession the key SS will when struck
give the opposite movement MR.

TABLE IV
6 WAY DIVERGING GAXG OF 24 TRANSMITTERS

Key Rods

SU S D

BC. —

—

—
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B.C.

—

—
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—
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—

—
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«

—

B.C.

~ 1 ~
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—

—

—

—

—

—

—

B C .

B.C

B.C

B.C

—

—
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—

—

B.C
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—

—

—

S L SR
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—
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—
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B.C.

—

—

—

—

—

S O

—

—

—

BC. — .
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—

—

B C .

—

—

—

B.C

1
1

BC.

—

—

—

BC.

—

—

B C .

—

—

B C
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This arrangement is of special interest, as with it we can
simulate the working of nervous discharges in an animal learn-
ing the path around an obstacle. The key SS corresponds to
the sensation arising from the situation. MR is turning to
right. ML is turning to left. The animal after experience
turns to the left we will say at the signal SS. The machine
after similar experience acts similarly.

In table IV a 6-way diverging gang is shown without any
diagram. By this arrangement three hydraulic cylinders may
be controlled and thus we could govern movements in three
directions as in and out, right and left and up and down. After
suitable experience the striking of a single key rod would cause
movement in two or three directions, as will be seen by a study
of the table, if one remembers that the discharge from a trans-
mitter increases when it is operated at short intervals.

Table V represents a tandem converging gang. Si, Mi, and
SRi, MR and SR2, MR correspond to channels originally of
high conductivity, (first, fourth and fifth rows), while Si, SRi,
MR and Si, SR2. MR corresponds to channels originally of low
conductivity. Now let the environment be such that the
sensation Si is soon followed by the sensation SRi and such
that the response MR brings about a sensation SR2, it will be
seen that the channel Si, SRi, MR and the channel Si, SR2,
MR (second and third rows) will grow at each experience and
the result will be that the signal Si will be strongly connected
to the response MR or in other words that the transmitters in
the second and third rows of the table will give increased
discharge.

TABLE V

TANDEM CONVERGING GANG

Key Rods

SR 2

—

—

B C

• —

B C .

SR 1

—

B.C

—

B.C

—

S 1

B C

B.C

B.C.

—

—

S n

S n

S n
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Movement

M 1

M R

"

{I
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This mechanism is of especial interest as it illustrates the
physiological accompaniment of a form of satisfaction, show-
ing how associations may be reinforced or stamped in. Such
satisfaction we may say is the antithesis of inhibition.

To explain, it is thought that where the situation is such
that a given response is followed by a new or changed sensa-
tion which gives the same response the effect is a form of satis-
faction. To illustrate this, if the puppy is induced to suck the
teat and the sucking results in a pleasant taste which causes
him to suck harder, that is satisfaction.

The signal SR2 in table V belongs to a class that may be
known as counter signals. A counter signal is a signal (or sen-
sation) that is due to the reaction of the environment to a given
motor response. A counter signal may be inhibiting or rein-
forcing or otherwise according to the structure of the nervous
channels (or coupling gang). For example, the whine of the
infant is a motor response and its counter signal is the offer
of the nipple. The sucking is a motor response and its counter
signal is a pleasant taste. S2. table I, is also a counter signal.
Counter signals or sensations play an important part in the
development of nervous channels as has been shown for simple
cases of inhibition and satisfaction. It is largely through the
effect of counter signals on the nervous system that it is brought
into proper correspondence with the creature's environment.

It is evident that the forms that we have illustrated in the
figures and tables could be combined in various ways so that
many types of response to situation could be simulated. For
example, the arrangement shown in table V may be modified
by adding two more key rods on the left and four moie trans-
mitters. By suitable connections we will have a two way tan-
dem converging gang which will simulate the selection of re-
sponses by satisfaction. Whatever system of coupling be em-
ployed to control a plurality of movements there will be found
the same general principle throughout. Along with the descrip-
tion we have incidentally observed how the mechanical action
simulated particular nervous developments. As to general
analogy of the apparatus with a nervous system we may briefly
note:

A 1, A simultaneous flow in se\Teral meterpipes results in a
certain movement or movements.
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A 2, A simultaneous flux in several nerves results similarly
in a certain movement or movements.

B, The effect of time intervals between discharges in deter-
mining variation of response is the same in the apparatus as
it is in a nervous system:

Of course there are types of response to environment that are
not covered by this discussion. It is believed, however, that
the theory advanced herein with some modifications will be
found to answer for a large part of the field which is not
included.

In reviewing the different arrangements shown in our tables
and diagrams one fact seems to be brought into prominence.
It is that the channel that is to be made to govern after suit-
able experience must be there in the first place as part of the
structure. In regard to nervous systems this is not such a
great difficulty as it may seem. Remember the shocking stupid-
ity often shown by animals usually thought intelligent and the
limited field in which animals can be trained. On the other
hand there is reason to think that in life many nervous chan-
nels remain undeveloped. Moreover there is abundant evidence
in animal behavior to show that the associative memory of
each species is in proportion to the complexity of its nervous
system.'

Our mechanical system may be thought at fault because it
requires signals to succeed each other in order to affect the
opening of the transmitters, so that if two sensations were
simultaneous they would never become associated together.

The answer is that each of two simultaneous signals may be
associated with a common signal which precedes them.

To summarize briefly the points covered we have shown that
a comparatively weak nervous channel may become a com-
paratively strong one if it be provided with two sensory points
and with outside occurrences that shall cause the two points to
be excited in succession from time to time. We have shown how
this principle will account for the different ways of learning
and habit forming.

We have also demonstrated a mechanism that will simulate
in its various forms the working of nervous discharges. With

' Loeb, J. Comparative Physiology of the Brain and Comparative Psychology.
New York and London, 1900, p. 13.
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it. as in a nervous system, we find that as a result of individual
experience, changes take place so that with the same sig-
nals as before the responses have changed and vice versa we
find the same responses when the signals have changed.
We have a mechanism that can be trained, that can acquire
habits, that will move either forward or back at a given signal
according to experience, that will make one, two or three re-
sponses to a given signal according to experience.

In other words we have shown a practical arrangement of
mechanical transmitters and receivers that will respond to sig-
nals and control movements like a nervous system and that
possesses associative memory as it can learn by experience.
For, quoting Dr. Loeb again, " If an animal can be trained, if
it can learn, it possesses associative memory."


